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1 Abgract

The process was evaluated to determine required process variables. Following treatment the
clean scrap was evaluated to determine its value. After neutralization, the liquid by-products
were analyzed for explosive content, metals, and pH. During operations, gasses evolved were
analyzed for hydrogen, carbon monoxide, carbon dioxide, and phosphine.

Overall the process failed to achieve its objectives. The failure was due to the inability of the
caustic fluid to penetrate certain blockages of some dropped, but still live, BDU’s so that the
propellant was not always destroyed. The fact that propellant does remain in some cases means
that inspection would be required to verify that the process has worked as intended for each and
every BDU treated, which largely negates the projected cost savings from the process, and does
not decrease the hazards associated with recycling BDU’s over the present practice.
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2 Introduction

21 Background

The U. S. Armed Forces have been exploring alternative methods of dealing with unexploded
ordnance (UXO) practice bombs (such as the BDU-33) that contain spotting charges (such as the
CXU-5, MK-4, or KC-4). These spotting charges contain primers, a propelling charge (generally
a nitrocellulose base solid propellant), and a smoke charge (containing Titanium Tetrachloride
(TiCly) or Red Phosphorus (RP)). There are hundreds of thousands of these bombs at bombing
ranges throughout the U.S.

The explosive ordnance disposal (EOD) community estimates the dud rate of these bombs to be
upwards of 20%. This means that when removing these items from a range, every bomb has to
be examined (both visually and by probe) to determine if it has functioned as designed. If it has
not functioned, the item must be rendered inert, usually by detonation of a countercharge.
Problems with assuring 100% detection and segregation of dud practice bombs, along with
problems related to present inerting practices (kickouts, failure to detonate) mean that the costs
to deal with these practice bombs are high and are climbing higher as environmenta constraints
tighten. A new, low cost, safe, and environmentally acceptable method of simultaneously
destroying the propelling charge and the TiCl, or RP isrequired.

UXBase™, a new process under development by UXB International, Inc. (UXB), uses base
hydrolysis (a non-thermal, environmentally safe, cost effective aternative to the “3X” and
thermal “5X” methods) to treat and destroy propellant and explosive residues on range-derived
scrap and other materials. UXB feels this technology can aso be applied to practice bombs.

2.2 Objectives of the Demonstration
The primary objectives of this demonstration were to:

 Validate the UXBase™ process for the disposal of BDU-33 practice bombs so that the
process can be transitioned to deployment;

* Provide data that enables cost comparisons, environmental impact assessments, logistics
requirements, and safety analysis.

This test involved the gathering and processing of BDU-33 practice bombs, and the
characterization and disposal of by-products (including scrap metal, spent liquids, and any
entrained dirt/soil on the practice bombs).

We used the Barry M. Goldwater Range (BMGR) in Arizona, as the venue for this
demonstration. The range has alarge inventory of dropped BDU’ s that require disposition.

UXBase™ is a proven technology for destroying propellants and explosive residue on range-
derived ordnance and explosive scrap to a 5X equivalent condition. It generates an easily
disposable non-hazardous by-product, and is environmentally friendly, cost-effective, efficient,
and safe. This demonstration was the first step in determining the process applicability for
destroying propellant and explosive residue in practice bombs.
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2.3 Regulatory Drivers

This project was not driven by existing federal, state, or local regulations, or DOD directives. It
was motivated by the need for a safer, more cost-effective, efficient process for ssimultaneously
destroying the propelling charge and TiCl, / RP in BDU-33s and other munitions.

24 Stakeholder/End-User |ssues

Stakeholder issues include cost and efficiency drivers as well as environmental issues. The
demonstration addressed cost and efficiency concerns by developing a complete cost model and
populating that model with actual costs experienced during the demonstration. Environmental
issues were addressed by the demonstration as part of the pre-demonstration planning and pre-
and post-demonstration experience in terms of actual analysis of waste products produced.
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3 Technology Description

3.1 Technology Development and Application

In the UXB process, (Figure 1 & 2) all practice bombs (dud or not) removed from the range are
fed to a heated tank containing a solution of sodium hydroxide initially made up to two moles
per liter (about 10% by weight). The aluminum in the CXU-5 spotting cartridge reacts with the
caustic and dissolves; releasing hydrogen (if the spotting cartridge breaks during loading or
unloading, the caustic neutralizes the TiCl, to non-hazardous titanium dioxide, water, and salt).
If the cartridge is a KC-4 type, then the caustic attacks the aluminum case and dissolves it,
releasing the RP.

The tank is equipped with a perforated basket for loading and removal of the scrap after
treatment. The procedure is to load the practice bombs into the perforated basket while the
basket is on the ground. Once loaded, a lift raises the basket. The basket is lowered into the
caustic. Once the tank is loaded with scrap items, the mixture is allowed to soak for two to four
hours to ensure complete destruction of al energetic material. Alternatively, the mixture can be
left until the next day if the loading is performed towards the end of the day. After the hold time
has elapsed, the basket will be raised out of the tank and allowed to drain. After draining, the
basket is placed into a second tank (containing water) to rinse any remaining caustic from the
scrap. The water will be adjusted to a pH between 6 and 9 with hydrochloric (muriatic) acid
before the scrap isremoved. At the end of the process, the scrap will be water wet, and the water
will contain a small amount of sodium chloride (table salt). The scrap will be removed from the
tank and each bomb body will be shaken to remove the TiCl, ampoule (if present), which is
recovered and can be recycled as a pure chemical.

The initial tank fills of hydroxide solution and rinse water are to be re-used for over 100 tons of
scrap; each is replenished as required. For this project however, the material was disposed of
after four tons as the demonstration was terminated after four tons were processed. If the
solutions will be used for approximately 100 tons of practice bombs the solution should be
monitored for the buildup of heavy metals. If the heavy metal content is kept below regulatory
limits the neutralized solutions may be disposed of as non-hazardous waste. Since the sodium
hydroxide solution is used to dissolve the aluminum casings on the spotting charges, aluminum
is the predominant metal ion in the solution. The hydroxide solution also hydrolyzes the
propellant charges. If the propellant charges (including primer compounds) contain lead,
barium, or other heavy metal compounds in their formulation, then these metals will also have to
be monitored to keep their level below regulatory limits if the intent is to dispose of the
neutralized solution as non-hazardous waste. At the end of the project, both solutions will be
neutralized to a pH between 6 and 9 and disposed of as non-hazardous waste. Any remaining
non-metallic solid matter (dirt or plastic) will be allowed to dry and will be disposed of as a solid
non-hazardous waste. The process is capable of treating all types of metal, plastics, wood, and
paper; although aluminum and magnesium are rapidly degraded. Minimal non-hazardous solid
waste is generated. The technology should be applicable to all sites that contain this UXO, as
well as other types of practice bombs.




ESTCP/SERDP
Contract No.: DACA72-02-C-0014
Non-Thermal, On-Site Decontamination and

UXB Internationd, Inc. Destruction of Practice Bombs

Figurel: UXBase™ Mobile BDU Treatment Unit

See Attachment 1.

The process flow diagram isillustrated in Figure 2.
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Figure2: Process Flow Diagram
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Severa design criteria required satisfaction when the design for the process and process unit
were being finalized. These included:

Safety. This is the primary design criterion when working with explosive or potentially
explosive materials.  Over the years several EOD technicians have been injured by
BDU-33 practice bombs that were supposed to be inert or expended, but were not. For
the unit designed here, safety is achieved by limiting personnel contact with the BDU
until after the unit has been processed. Minima handling of potentialy explosive
materialsis reduced by using mechanica grapplesto load the BDU'’ s into the unit.

Mobility. The process unit must be able to go to where the BDU’s are. This achieves
several objectives and solves severa problems. BDU's of unknown explosive potential
cannot be loaded and transported over public roads or rails according to DOT regulations.
In addition, multiple handling of BDU’ s only increases costs and adds to the potential for
injury, so this is to be avoided. A mobile process unit allows for processing of the
BDU'’s at each location where needed followed by additional processing of other BDU’s
at other locations at minimal cost.

Self contained process unit. Locations where BDU'’s are present are usually remote and
far from any available infrastructure such as electrical power, water, buildings or gas
lines. In addition, supplies of fuel may be far away. The process unit must be capable of
sustained operations in areas where infrastructure is limited to the presence of
unimproved roads into the area.

Environmental soundness. The objective of these design criteria is to ensure that the
environment is protected against issues such as release of chemicals (including
explosives, caustics and acids, but not including small amounts of hydrogen gas) into the
environment around the process. Verification testing will be performed to validate these
criteria.  The criteria will also ensure that wastes produced are deat with in an
environmentally responsible manner so that they do not have the potential to injure the
environment. In addition these criteria attempt to ensure that the only clue remaining that
the process has been active in an area after it leaves will be the footprints of the workers
boots.

3.2 PreviousTesting of the Technology

Base hydrolysis of energetic materials is a well-known technique for rendering many explosives
safe without combustion or detonation. Research has demonstrated hydrolysis of explosives and
propellants (including NC, NQ, RDX, HMX, NG, TNT, DNT, and Tetryl among others) at high
pH"""  Over the last 40 years, base hydrolysis has been used as a method of decontaminating tools
and equipment, and disposing of small amounts of material. Research has shown that at sufficiently
high concentrations of hydroxide (over 1 moléliter), the reaction kinetics become pseudo first
order, and thus depend on temperature and concentration of the energetic material being destroyed.
Thus, the use of base hydrolysis to destroy and render inert the propelling charge of the CXU-5 or
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KC-4 cartridge is an innovative application of well-known principals to the problem of practice
bomb disposal.

For the smoke generation chemicals contained in the cartridges, base hydrolysis also destroys
TiCl,. TiCly reacts vigorously with caustic solutions, yielding titanium dioxide (the white, non-
toxic pigment used in modern paints) and hydrochloric acid (HCI), which is subsequently
neutralized by the caustic solution to yield water and sodium chloride (table salt)".

Our research involved two treatability studies and other experiments on the bench scale -- to
ensure that the base hydrolysis method is complete, controllable, and results in a non-hazardous
metal byproduct qualified asa5X material, suitable for recycling. A modification of this process
would enable the processing of practice bombs, such asthe BDU-33.

Scrap Recovered from a Closed Firing Rangein Texas — For the high explosive contaminated
scrap metals, UXB used actual scrap removed from a closed range in Texas. Samples of this
scrap, in rusted and dirty condition, were contaminated with three different high explosives --
TNT, RDX, and HMX. In each case, the scrap was contaminated by spraying a known
concentration solution of the explosive dissolved in acetone onto the scrap items, then allowing
the solvent to evaporate. Witness plates, made of mild steel coupons (58 cm?), were also
sprayed at the same time to enable verification of the amount of material sprayed on the scrap.
The scrap was then placed into a solution of 3 molar NaOH (caustic soda) maintained at a
temperature of 80°C and allowed to soak for a period of 4 hours. After this time, the heat was
turned off, and the materials allowed to soak overnight, ssmulating field operations. The next
morning the scrap was removed and neutralized using hydrochloric acid, and allowed to air dry.
After a 24-hour drying time, the dried scrap was extracted with acetone for an additional 24-
hours to remove any remaining explosive for analysis. A third party lab’ used a modified EPA
SW846 method 8330 to analyze the extract. In all three cases, the extracted scrap items
contained no detectable amounts of explosive. The results are summarized in Table 1.

Tablel: Test Resaults

Contaminant TNT RDX HMX
Initial contamination level A79 uglem?® | 207pglem? | 27pg/om?
Cleaned scrap contamination level Non-Detect Non-Detect Non-Detect

Scrap Solid Propellants and a Propellant Contaminated Sludge at a Commercial Plant in
New Jersey -- For the propellant contaminated sludge, a representative sludge sample of 450
grams was placed into the UXB demonstration reactor and allowed to react with 3.7 liters of 3
molar NaOH. The sludge was sampled from awater treatment equalization tank that was located
on the grounds of a closed former munitions plant. This sludge was heavily contaminated with
energetic material (about 35% of single and double base small arms propellant); dirt and soil
made up an additional 15%, and water made up the remainder. The solution was maintained at a
temperature of 80°C for three hours and then was allowed to cool. After cooling, the material
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was neutralized with hydrochloric acid to a pH of 7.0. The liquid was decanted off, leaving a
solid residue that was dried and analyzed for explosive content by chemical analysis and
explosive character by friction”, impact” and flammability"™ testing. No explosive or energetic
response was noted, to the limit of the instruments. The liquid was also submitted for chemical
analysis. The analysis tested for the presence of NC, NG, NQ, TNT, and DNTSs, again by EPA
method 8330™. None was detected.

321 Red Phosphorus

Initial testing with red phosphorus involved producing 500 ml of a 2 molar sodium hydroxide
solution in water and placing 10 grams of red phosphorus powder into the solution and heating at
70 °C for 4 hours. No visible changes were made to the red phosphorus at this temperature and
duration. This was unexpected, as al references in the literature pertaining to phosphorus
reactions with caustics indicated that the reaction would proceed according to:

3NaOH + P4 + H20 . 3NaH2PO2  + PH3(g)

The phosphine gas thus liberated would then spontaneously ignite on exposure to air. Asthis did
not occur however, there was some question as to why. The experiment was repeated several
times to confirm the results eventually increasing the temperature of the caustic solution to 95 °C
and soaking for 24 hours. Still the red phosphorus did not hydrolyze as expected. On further
investigation it was found that one literature reference from 1911" noted that red phosphorus
does not react to the action of caustic, even though white and yellow phosphorus (the other
phosphorus allotropes) do indeed react as above.

322 KC-4Cartridges

A second series of experiments was performed where live KC-4 cartridges were placed in a
heated 2 molar solution of NaOH. The temperature was 90 to 95°C, and the reaction was
allowed to run to its conclusion, which took about 2 hours. During that time, hydrogen gas was
evolved from the solution, as a product from the reaction:

2Al + 2NaOH + 2H,0 — 2AINaO, + 3Hyq

These experiments were successful in that the cartridges were dissolved completely, leaving the
red phosphorus as before, and paper and plastic parts (the label and wadding, respectively). All
of the propellant grains (a double base material containing nitroglycerine and nitrocellulose)
were completely consumed, leaving no solid residue. The primers, however, were not
consumed, and were recovered intact. Later testing confirmed that they were still live.

! http://41.1911encyclopedia.org
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Figure3: KC-4 Cartridge: Beforeand After

323 BDU-33 Practice Bombswith Installed KC-4 Smoke Cartridges

A fina series of tests were performed with BDU-33 Practice Bombs with installed KC-4 smoke
cartridges. For these tests, the bomb fins were removed, so that the test article would fit into the
reaction vessel available in the laboratory. One other modification was that the firing pin
actuator for the BDU-33 practice bomb was filed down in order to prevent inadvertent actuation
during handling. The reaction vessel was unstirred, as in the design for the larger unit. The
bombs with live KC-4 cartridges were placed in a heated 2 molar solution of NaOH. The
temperature was 90 to 95°C, and the reaction was allowed to run to its conclusion, which took
about 4 hours. During that time, hydrogen gas was evolved from the solution. These
experiments were successful in that the cartridges were dissolved completely, leaving the red
phosphorus as before, and paper and plastic parts (the label and wadding respectively). All of
the propellant grains (a double base material containing nitroglycerine and nitrocellulose) were
completely consumed, leaving no solid residue. The primers however were not consumed, and
were recovered intact. Later testing confirmed that they were still live.  The liquid caustic from
several runs was mixed together to make a composite sample that was submitted to an
independent laboratory for chemical analysis. The analysis was performed for TCLP metals and
explosives by EPA Method SW 8330. All tests came back as non-detect (Appendix D)

3.3 FactorsAffecting Cost and Performance

Severa factors affect cost and performance. The cost factors include labor costs, chemical costs,
disposal costs and mobilization/demobilization costs. Performance factors included the extent of
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destruction of the propellants in BDU’ s that had mud, dirt or rocks blocking the path for caustic
to enter the unit, and the number of BDU'’ s that could be processed per load of caustic.

3.4 Advantagesand Limitationsof the Technology

Advantages of the technology include Safety (both for the operator and downstream personnel),
low cost, and mobility. In addition, the process is environmentally sound in that it does not
pollute the area where it is used, and does not generate hazardous materials which will have the
potentia to pollute the environment later.

Disadvantages are that it does not render the BDU shape unrecognizable, and that may be a
problem for acceptance by metal recyclers. See section 4.3 for a discussion of alternative
processes for processing BDU'’s.

Based on the field testing, the possibility exists that al of the propellant charge may not be
destroyed. Although only 0.4% of the units subjected to the hydrolysis process contained small
amounts of residual intact propellant, the potential of propellant ignition once the units dried is
still a possibility. The reason that the propellant charges weren't totally destroyed was the
inability of the caustic solution to penetrate through the mud, gravel and outer impact debris and
contact the spotting cartridge within the practice bomb. Other technologies could be employed
to fracture the practice bomb, allowing the caustic unimpeded contact with the aluminum
spotting charge casings.

4 Demondration Design

4.1 Performance Objectives

The performance objectives included the destruction or throughput rate for the BDU’ s (4 tons per
day or more) and complete destruction of the propellant charge in the spotting cartridges.
Additionally, the recovery of RP and primers for disposal needed to be demonstrated.

Table2: Performance Objectives

Type of Primary Performance Expected Performance Actual Performance
Performance Criteria (Metric) R 5
Objectives Objective M et~
Qualitative No explosive hazard Yes No
remaining in treated BDUs
All primers recovered Yes Yes
All RP recovered Yes Yes
Quantitative Throughput of treated BDUs 4 tong/day No (2 tons/day)

For the process to be considered a success, there must be no explosive hazard remaining in the
treated items, however in two cases (out of 480 units treated or 0.4%) there was some residual
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propellant remaining in the BDU after treatment. While the material was not energetic under the
UN BAM Fallhammer test (Appendix A) while wet, the potential remains that the material could
still be energetic after drying. As this technology depends upon not having to inspect each and
every item to assure that destruction of the energetic hazard is complete, any process failure will
negate any potential savings that could be achieved with the process.

The production rate of 4 tons per day was also not met. Thiswas aso due to the inability of the
caustic solution to penetrate through the mud, gravel and other impact debris quickly enough to
effect expedient cartridge dissolution. The compacted nature of the debris slowed the wetting
time of the caustic significantly and therefore reduced the intended production rate by one half.

This failure to meet the performance objectives is obviously not acceptable for a fielded process,
and so modifications to the process would be required. Although outside of the scope of this
project, these modifications have been designed. The modifications are more fully described in
section 6.3.

4.2 Sdecting Test Site(s)

The primary criteria for selecting the Barry M. Goldwater Range (BMGR, Arizona) as the test
site was the availability of a significant number of BDU-33 practice bombs that needed to be
destroyed. In addition, the range management personnel there were actively interested in
furthering the state of the art in BDU disposal, as they stand to get a significant benefit from any
cost reductions due to advanced technology.

43 Test SteHistory/Characteristics

The Barry M. Goldwater Range is located approximately 60 miles southwest of Phoenix, AZ,
below the town of GilaBend. The range, situated on 1.7 million acres of withdrawn public land,
is utilized by aviation arms of all US military branches of training and limited testing since 1941.
Goldwater Range currently supports training for F-16, OA-10, helicopter aviation, and naval
carrier based aircraft. Therangeis aso employed by awide range of adlied nations to train pilots
of FMS acquired systems as well as their organic tactical aircraft. The range has an aggressive
programmatic clearance and maintenance plan established according to AFI 1-212 Volume 1.
Active duty military technicians assigned to the 56 Civil Engineer Squadron at Luke AFB
provide EOD services. Maintenance services for the range are performed under contract to the
56" FW. 56" RMO Environmental Sciences management is responsible for range residue
remova (R3) services. An active contract with Bering Sea Eccotech Co. is in progress to
demilitarize and recycle ammunition, explosive, and dangerous article derived metals and trash
from the range.

44 Present Operations

The Barry M. Goldwater Range has evolved a progressive strategy to mechanically harvest the
majority of BDU-33 bombs from their Class A manned range targets. This particular range has
dealt with extensive problems from handling and disposing of more of these practice bombs over
the years than any other Air Force training range. Past practices have included manual handling,
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inspection, and disposal of dud bombs by burning and/or detonation. Past residue disposal
practices have included buria in on-range pits, sale through DLA channels, and direct disposal
through an on site demilitarization and recycling contract. Goldwater Range’'s improvements to
key handling and demilitarization efforts have removed much of the risk from the processes
involved. Any process involving handling unexploded ammunition aways involves some risk to
people, equipment and the environment, and Goldwater Range is constantly attentive to
improving their key processes to ensure safety and maintain environmental compliance.

45 Pre-Demonstration Testing and Analysis
No site specific testing was required, as this process is independent of the site location.

46 Testingand Evaluation Plan
4.6.1 Demonstration Set-Up and Start-Up
46.1.1 Mohbilization

46.1.1.1 Trailer Setup

The unit was transported from the assembly location in Cordele, Georgia to the test site at
BMGR. UXB used Standard Operating Procedures to ready the unit for transport to the
demonstration site. A UXB employee drove the unit and a UXB-owned semi-tractor to the site.
During transport, the unit did not contain open process fluids — the exception was glycol for the
closed loop heat exchangers.

Once at the demonstration site, the unit was transported to the designated work area (an open,
level area on the range and BDU stockpile). The unit was blocked and leveled (using the built in
air suspension package), and then unhooked from the tractor. The tractor was removed from the
demonstration area.

The stairway was placed in a convenient spot to enable trailer access. The operator checked to
be certain that the drain plugs on the secondary containment tray were in place and tight.

4.6.1.1.2 Supplies

All supplies (caustic, acid, other consumables) were locally purchased and shipped to the site by
the arriving crew. The supplies (which are considered to be Department of Transportation
hazardous materials) were delivered by common carrier, thus removing the need for a dedicated
hazmat truck and driver.

Water -- The operator filled the water tank with clean water during operations using a delivery
truck service. Thistank was also filled at the host facilities just before setup with a hose.

Caustic solution (NaOH, 2 moles per liter) -- Caustic solution was packaged in drums and
delivered to the site.
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Fuel -- Fuel was purchased and the fuel tank filled at a private facility near the site upon arrival,
but prior to setup. The amount of fuel in the tank was more than sufficient for the demonstration.

HCI -- Hydrochloric acid was purchased at 37% strength. The solution was delivered in drumsto
the site.

Site Preparation and Utilities — Site preparation was not required, as the process is designed to
not requireit. The processis self-contained, and no utilities are required.
4.6.2 Period of Operation —Major Project Milestones

» Lab Scale Measurements Completed — 11-Oct-2002

* Equipment Purchases Completed — 24-Jan-2003

*  Write Procedures and Compl ete Construction — 05-May-2003

» Demonstration Plan Completed — 15-Sep-2003

e System Startup and Testing Completed — 28-Nov-2003

e Demonstration at BMGR Completed — 15-Jul-2005

4.6.3 Scopeof Demongtration

UXB traveled to the BMGR and performed 4ea 2000-pound BDU-33 test studies to verify if the
process can be used to clean the material to the non-detect level. The runs are further detailed
below:

Run Number Processing time (hrs) Weight Processed
1 2 2000
2 4 2000
3 overnight 2000
4 overnight 2000

46.4 ResdualsHandling

At the end of the project, both solutions (the caustic and rinse solutions) were neutralized to a pH
between 6 and 9, sampled and disposed of as non-hazardous waste. There was no solid waste
generated, and residua metals (treated BDU’'S) were acceptable for recycling (with the
exceptions of two items where propellant was found to be remaining in the cartridges, see section
3.1)

46,5 Operating ParametersFor The Technology

Preliminary experiments determined that the optimum operating parameters are a process
temperature of 70°C or higher (to a maximum of 100°C) and a reaction time of 4 hours. The
parameters that were varied for the experiments were the time required for processing and the
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batch weight. Three initial runs using a 2000 pound load were made to optimize run time, for 2,
4 hours and two runs were made where the basket contents were allowed to soak overnight, in an
attempt to determine if increasing soak time would be helpful in completing destruction of the
materials. This attempt resulted in failure however, asin two cases (one in each of the latter two
batches) residual propellant was recovered from atreated item.

Samples taken during the process were comprised of two types, liquid and gaseous. The two
liquid sample locations were the caustic tank and the rinse tank. Both of the locations were
sampled using a grab type sample procured using a dipper. The tanks were sampled at the
conclusion of operations (after neutralization of the caustic). Gas samples were taken from the
headspace above the caustic tank during each demonstration run (one sample per hour) and were
analyzed on site for hydrogen (H,), carbon monoxide (CO), carbon dioxide (CO,), and
phosphine (PH3). Table 3 shows the sampling points and frequencies for each experiment.

Table3: Sampling Pointsand Frequencies

Sampling L ocation Sample Type Sample Frequency
Point

1 Hydrolysis Tank Liquid Grab Once at end of test®

2 Rinse Tank Liquid Grab Once at end of test®

3 Hydrolysis Tank Headspace V apor Once per hour

4 Hydrolysis Tank Sludge/mud grab Once at end of test”

5 Water Tank Liquid Grab Once at start of campaign

6 Hydrolysis Tank Liquid Grab Once at end of campaign (after
neutralization)

7 Rinse Tank Liquid Grab Once at end of campaign (after
neutralization)®

8 Hydrolysis Tank Sludge/Mud grab Once at end of campaign (after
neutralization)®

2 Combined with sample 6

3 Combined with sample 7

4 There was no sludge/mud remaining at end of test
5 There was no sludge/mud remaining to sample

5 No RP could be found to test.
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Figure4: Locationsof the Sampling Points

46.6 Demobilization

Upon completion of testing, the unit was demobilized and removed from the site. In preparation
for demobilization, the neutralized hydrolysis fluids were pumped out of the tanks and removed
for offsite disposa by a waste disposal contractor (Clean Harbors). A pump truck with
integrated tank was used to remove the wastewater. Following the wastewater remova the
tractor was brought back to the site and the hydrolysis unit was hooked up to the tractor. Next
the unit was unblocked and removed, along with all remaining supplies. Empty acid and caustic
drums were returned to the supplier for their deposit. Treated BDU’s were piled in an area
designated for the test by BMGR and were left as per their instructions. Rental equipment was
returned to the vendor, equipment decontamination was not required. The only other evidence
that the process had been there were footprints. Site decontamination and/or restoration were not
required.

4.7 Sdection of Analytical/Testing M ethods

All liquid and solid samples were to be analyzed using EPA Office of Soil and Water (SW)
Methodologies, by third party laboratories that are EPA certified. For explosives EPA method
SW8330 was used, and for metals a TCLP extraction (SW1311) followed by analysis (SW6010B
with analysis for Mercury SW7470). The samples taken from the process tanks indicated in
Table 3 were accidentally destroyed before they could be shipped to the laboratory. However,
the sample of the combined neutralized process solution was analyzed by Clean Harbors and
qualified for disposal as non-hazardous waste. All of these are standard, unmodified stand-alone
procedures. Gas samples were analyzed using Dragger tubes for Hydrogen, carbon monoxide,
carbon dioxide and phosphine, which are standard, unmodified stand-alone procedures.
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4.8 Sdection of Analytical Testing Laboratory
The following laboratory was used for analysis of laboratory test results:

GPL Laboratories, LLLP.

202 Perry Parkway

Gaithersburg, MD 20877

Tel: 301.926.6802 ~ Fax: 301.840.1209

Their EPA 1D number is MD0016
UXB selected this lab because of its excellent service during prior work, and cost considerations.

5 Performance Assessment

51 PeformanceCriteria

For the test to be considered a success, all of the energetic character of any dud BDU-33 practice
bombs processed must be removed. This means that the spotting charge case must be breached
by the caustic; the propellant within the spotting charge must be hydrolyzed to a non-hazardous
condition (non-reactive to a UN Test Series 3c(a) BAM Falhammer impact test at 2 kg and 100
cm) if any remains, the primer charge and TiCl, smoke ampoule (if present) must be recovered,
and any remaining RP must be below reactive levels.

Table4: Performance Criteria

Performance Criteria Description Primary or Secondary Criteria Satisfied

Residual Contamination level | Detectability of propellant | Primary No
componentsin BDU or
liquid/solid samples

Hazardous Materials Remaining RP in sludgeis | Primary Yes
below reactive levels (UN
test series 3(a)(ii)

Hazardous Materials All  live primers are | Primary Yes
recovered
Hazardous Materials Expended and neutralized | Secondary Yes

caustic is shippable as
non-hazardous waste

As Table 4, Performance Criteria, indicates, the residual contamination level criteria for
detectability of reactive propellant components in the BDU or liquid/solid samples was not
satisfied as residual spotting cartridge propellant was found in two (2) of the 480 units processed
(0.4%). The quantity of residual propellant remaining in both units was in gram size quantities.
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Performance Confirmation Methods
Table5: Performance Confirmation Methods
Performance Criteria Expected Performance Actual
Performance Metric Confirmation (post demo)
(pre demo) M ethod
PRIMARY CRITERIA (Performance Objectives)(Qualitative)
Residua Contamination <MDL (Method detection | EPA SW8330 Non-detect (criteria
level limit) Satisfied)
Hazardous materials (RP) | No reaction UN test series 3(a)(ii) Non-detect (criteria
Satisfied)’

Hazardous Materias
(Primers)

No live primers remaining
in BDUs

Visual confirmation

Live primers did remain
(criteria not satisfied)

Hazardous Materias
(Neutralized Caustic)

Neutralized Caustic can be
shipped as non-hazardous

EPA SW8330, Sw1311
SW6010B, SW7470

Neutralized Caustic was
shipped as non-hazardous

waste waste

5.2 DataAnalyss, Interpretation, and Evaluation

The process was evaluated to determine required process variables. Following treatment the
clean scrap was evaluated to determine its value. After neutralization, the liquid by-products
were analyzed by Clean Harbors Environmental Services, Inc. for disposal as non-hazardous
waste (Appendix E). During operations, gasses evolved were analyzed for hydrogen, carbon
monoxide, carbon dioxide and phosphine. All gases were non detectable using the Draeger tube
sampling/anaysis methodol ogy.

Overall the process failed to achieve its objectives. The failure was due to the inability of the
caustic fluid to penetrate certain blockages of some dropped but still live BDU’s. Figure 5 below
illustrates the problem.

7 No RP could be found to test
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Figure5: Example of Processed Cartridge Propellant Residue L ocation

In the upper photo a KC-4 cartridge is shown in as-built configuration. In the lower photo, a
KC-4 cartridge is shown after treatment, as it was removed from atreated BDU. As can be seen,
the aluminum case has been completely consumed. The primer was recovered, however some
wet propellant was also found in the BDU. This wet propellant was not energetic either while
wet or after drying, however its presence causes the process to fail its acceptance criteria. The
fact that propellant does remain in some cases means that inspection would be required to verify
that the process has worked as intended for each and every BDU treated, which largely negates
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the projected cost savings from the process, and does not decrease the hazards associated with
recycling BDU’ s over the present practice.

The entire problem with the process is easily overcome however, and can be done in a manner
which aso enhances the resale value of the residual scrap metal. When this project was first
proposed in FY 2001, UXB had not yet developed our LOADS system. The LOADS system,
now fully developed and fielded, uses mechanical force to break open the BDU body in the
manner of cracking a nut, which accomplishes several objectives. First and foremost, this action
separates the BDU body materials from the spotting cartridge. In addition, it renders the body of
the BDU unrecognizable as being a munition or munition part so that it will be acceptable by
metal recyclers, and thirdly it separates the BDU fins from the body materials so that the
different types of metal can be segregated prior to recycling, thus enhancing their resale value.
The LOADS system suffers however in that when the BDU body is opened, if the spotting
cartridge is live it will fall out intact, thus presenting a disposal problem. The optimum solution
then would be to combine the LOADS system with the ESTCP hydrolysis system to develop a
complete solution. Spotting cartridges which remain live after remova from the BDU will be
placed into the hydrolysis bath and destroyed. As there will be no physical hindrance to prevent
the caustic from contacting all parts of the cartridge, destruction will be assured. UXB proposes
to try this procedure the next time that the LOADS system is deployed to treat BDUs. In
addition, UXB would like to use the hydrolysis system to treat and destroy 40mm grenades,
which are aluminum cased and would respond well to treatment via hydrolysis.

6 Cost Assessment

6.1 Cost Reporting

Costs for the process are forecast to be very low, consisting mostly of the labor required to
handle the scrap. Chemical costs are minimal, as nearly all of the chemicals are re-used from
batch to batch; the only replenishment needed will be to replace and neutralize small amounts of
caustic lost from the caustic tank due to drag-out (liquid clinging to the scrap after remova and
drainage from the caustic tank). Disposal costs for the process will also be very low, again as dll
chemicals are re-used, and the scrap will be recycled. Permitting issues will be minimal. The
process would also be applicable for decontamination of other range-derived scrap (metal, wood,
target materials, etc.), which could be performed at the same time.

The test will also include the monitoring and documentation of all costs involved in the process
(Table 6) so that a cost comparison to current BDU-33 disposal practices can be made.
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Table6: Cost Tracking
Cost Category Sub Category Costs
Start-Up Costs Mobilization $8,104.68
Capital Costs Capita Equipment Purchase $49,872.01
Ancillary Equipment Purchase $18,658.60
Modifications
Installation $23,173.06
Engineering $69,852.00
Operating Costs Capital Equipment Rental $2,169.50
Direct Environmental Activity Costs
Ancillary Equipment Rental
Supervision $3,392.30
Site Setup $2,211.53
Processing $8,496.63

($17.70/BDU-33 or $1,699.33/ton)

Operator Training

$914.38

Maintenance $2,180.00
Process Chemicals $431.85
Consumables, Supplies $960.35
Residual Waste Handling
Offsite Disposal $4,507.95
Sampling and Analysis $527.00
Indirect Environmental Activity Environmental and Safety Training | $914.38
Costs Waste Manifesting
Demobilization $3,279.49

Other

6.2 Cost Analysis

This section describes the approach for developing an estimated life-cycle cost for the
technology. This section includes the following considerations: (1) facility capital cost, (2)
startup, mobilization, operations and maintenance, and demobilization costs, and (3) recurring
regulatory or institutional oversight costs. The analysiswill be performed for an 8-year period.
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6.2.1 Cost Comparison

The following scenario quantifies the potential cost savings (Table 7) if using this technology on
a hypothetical 100-acre practice bombing range clearance effort (100 tons BDU’s).

Table7: Potential Cost Savings

UXBase™ process UXBase™ process

Task Present M ethod 4 tons/day 2 tongday

Mobilize/demobilize UXO Techs and

equipment to site $ 21,550 $ 11,870 $ 11,870

Clear Range of UXO $ 81,342 $ 61,164 $ 61,164

Process BDUs N/A $ 36,088 $ 72177

Inspect,

countercharge, certify $ 32537 $ N/A $ N/A

Totd $ 135,429 $ 114,129 $ 150,218
Potential Savings $ 21,300 $ (14,789)

6.2.2 Cost Bass

Basis: Assumes UXB is purchaser/owner/operator of UXBase™ process equipment. The
number of EOD Technicians required on-site is reduced, as detonation of bombs is not required.
Clearing and inerting operations can be performed concurrently with UXBase™ process. This
scenario does not include cost savings for concurrent range derived scrap decontamination. Note
that this analysis assumes that the process works as designed. If the treated BDUS require
inspection and certification after treatment, there are no cost savings and additional costs above
the conventional methods would be expected.

6.2.3 Cost Drivers
Major cost drivers are labor costs, chemical costs, and disposal costs.
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6.24 LifeCycleCodss

Life cycle costing

(4 tons/day)
Capital costs (includes engineering) $ 161,555.67
Operating costs (8 years) $2,506,615.20

(Assumes 5 deployments per year,
100 tons BDU each deployment, includes Mob/Demob)

Total $2,668,170.87
Total per year $ 333,521.36
less scrap value for metal (2005 rates) $ 125,000.00
Grand Total per year $ 208,521.36
Total per ton BDU $ 2,085.21
Total per BDU $ 26.07

An 8-year life cycle was utilized.
7 Implementation I ssues

7.1 Environmental Checklist

There are no permits or regulations that impact this technology. In a check of all 50 states, the
only state which would require a permit is California, where the DTSC would require a
Transportable Treatment Unit (TTU) permit for the unit.

7.2 Other Regulatory Issues
There was no public participation for this demonstration.

7.3 End-User Issues

The end-users for this technology will be two types, Government entities (EOD units) and
contractors employing ex-EOD personnel. For EOD units, the technology must be robust, easy
to use, and quick. For contractors, the forgoing is true, plus the process must be inexpensive, so
that the contractor can make a profit, and/or get enough contracts (work) to justify the capital
expenditure required.

From a contractor viewpoint, the largest concern is for efficacy. The process must work, and
must work well for the process to be a success. The demonstration showed that the technology
did not work well enough in its present configuration for successful implementation. The
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technology can be modified however to address these shortcomings, see section 5.2. The
technology that the system is based on is not new, and there are no patents or other intellectual
property issues that need to be addressed. All equipment for the unit is available as commercial
off the shelf units, except for the caustic and rinse tanks, which are specia order items. The unit
isbuilt asafull size system, so that scale-up considerations are not required.

Technology transfer will be accomplished by the continued use and demonstration of the unit by
UXB after the ESTCP project, and after suitable modifications to the process.

UXB intends to perform a controlled test of the Base Hydrolysis unit with our LOADS process
as described in Section 5.2. Once an opportunity for this test is identified UXB will provide
ESTCP awork plan and test report on the effort. We anticipate that a project of opportunity will
occur sometime during calendar year 2006.
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